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(54) PRESSURE CONTROL FOR BIFURCATED FLOW OF A TURBINE ENGINE

(57) An aircraft propulsion system (20) includes a tur-
bine engine (22) having a propulsor rotor (60), an engine
core (42) and a heat exchanger (86). The propulsor rotor
(60) is configured to rotate about an axis (24) and direct
a first air stream along a primary flowpath (44) that by-
passes the engine core (42) and direct a second air
stream along a secondary flowpath (46) with a geometry
extending at least eighty degrees about the axis (24).

The turbine engine (22) is configured such that the first
air stream enters the primary flowpath (44) at a first pres-
sure and the second air stream enters the secondary
flowpath (46) at a second pressure that is different than
the first pressure. The engine core (42) is configured to
drive rotation of the propulsor rotor (60). The heat ex-
changer (86) is disposed within the secondary flowpath
(46).
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Description

BACKGROUND OF THE INVENTION

1. Technical Field

[0001] This invention relates generally to a turbine en-
gine and, more particularly, to arranging a heat exchang-
er within the turbine engine.

2. Background Information

[0002] A gas turbine engine may include one or more
heat exchangers for cooling various working fluids. Var-
ious heat exchanger arrangements and locations are
known in the art. While these known heat exchanger ar-
rangements and locations have various benefits, there
is still room in the art for improvement.

SUMMARY OF THE INVENTION

[0003] According to an aspect of the present invention,
a propulsion system is provided for an aircraft. This pro-
pulsion system includes a turbine engine, and the turbine
engine includes a propulsor rotor, an engine core and a
heat exchanger. The propulsor rotor is configured to ro-
tate about an axis and direct a first air stream along a
primary flowpath that bypasses the engine core. The pro-
pulsor rotor is configured to direct a second air stream
along a secondary flowpath with a geometry extending
at least eighty degrees about the axis. The turbine engine
is configured such that the first air stream enters the pri-
mary flowpath at a first pressure and the second air
stream enters the secondary flowpath at a second pres-
sure that is different than the first pressure. The engine
core is configured to drive rotation of the propulsor rotor.
The heat exchanger is disposed within the secondary
flowpath.
[0004] According to another aspect of the present in-
vention, another propulsion system is provided for an air-
craft. This propulsion system includes a turbine engine,
and the turbine engine includes a propulsor rotor, a var-
iable area nozzle, an engine core and a heat exchanger.
The propulsor rotor is configured to direct a first air stream
along a primary flowpath that bypasses the engine core.
The propulsor rotor is configured to direct a second air
stream along a secondary flowpath that bypasses the
engine core. The secondary flowpath extends in the tur-
bine engine to the variable area nozzle. The variable area
nozzle is configured to change a pressure ratio between
a first pressure of the first air stream entering the primary
flowpath to a second pressure of the second air stream
entering the secondary flowpath. The turbine engine is
configured to drive rotation of the propulsor rotor. The
heat exchanger is disposed within the secondary flow-
path upstream of the variable area nozzle.
[0005] According to still another aspect of the present
invention, another propulsion system is provided for an

aircraft. This propulsion system includes a turbine en-
gine, and the turbine engine includes a propulsor rotor,
a variable vane arrangement, an engine core and a heat
exchanger. The propulsor rotor is configured to direct a
first air stream along a primary flowpath that bypasses
the engine core. The propulsor rotor is configured to di-
rect a second air stream along a secondary flowpath that
bypasses the engine core. The variable vane arrange-
ment is configured to change a pressure ratio between
a first pressure of the first air stream entering the primary
flowpath to a second pressure of the second air stream
entering the secondary flowpath. The turbine engine is
configured to drive rotation of the propulsor rotor. The
heat exchanger is disposed within the secondary flow-
path.
[0006] The following optional features may be applied
to any of the above aspects.
[0007] The secondary flowpath may extend at least
eighty degrees circumferentially about the axis.
[0008] The secondary flowpath may bypass the engine
core.
[0009] An entrance to the primary flowpath and an en-
trance to the secondary flowpath may be axially aligned
along the axis.
[0010] The primary flowpath and the secondary flow-
path may each extend in the turbine engine.
[0011] The primary flowpath may extend outside of the
turbine engine. The secondary flowpath may extend in
the turbine engine.
[0012] The secondary flowpath may be radially out-
board of and extend circumferentially about the primary
flowpath.
[0013] The primary flowpath may be radially outboard
of and extend circumferentially about the secondary flow-
path.
[0014] The second pressure may be greater than the
first pressure.
[0015] The turbine engine may be configured such that
the first air stream enters the primary flowpath at a first
velocity and the second air stream enters the secondary
flowpath at a second velocity that is greater than the first
velocity.
[0016] A first radial portion of the propulsor rotor may
be configured to provide a first pressure ratio across the
propulsor rotor. The first radial portion of the propulsor
rotor may be configured to direct the first air stream into
the primary flowpath. A second radial portion of the pro-
pulsor rotor may be configured to provide a second pres-
sure ratio across the propulsor rotor that is different than
the first pressure ratio. The second radial portion of the
propulsor rotor may be configured to direct the second
air stream into the secondary flowpath.
[0017] The turbine engine may also include a variable
area nozzle. The secondary flowpath may extend in the
turbine engine to the variable area nozzle. Movement of
the variable area nozzle may change a ratio between the
first pressure and the second pressure.
[0018] The turbine engine may also include a plurality
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of guide vanes arranged circumferentially about the axis
in an array. The guide vanes may be upstream of the
propulsor rotor. The guide vanes may be configured to
guide air to at least a radial portion of the propulsor rotor
that directs the second air stream into the secondary flow-
path.
[0019] A first of the guide vanes may have a vane span.
The propulsor rotor may include a propulsor blade with
a blade span that is at least two times larger than the
vane span.
[0020] The guide vanes may also be configured to
guide the air to a radial portion of the propulsor rotor that
directs the first air stream into the primary flowpath.
[0021] A first of the guide vanes may be a first variable
vane. Movement of the first variable vane may change a
ratio between the first pressure and the second pressure.
[0022] The turbine engine may also include a plurality
of guide vanes arranged circumferentially about the axis
in an array. The guide vanes may be downstream of the
propulsor rotor. The guide vanes may be configured to
guide the first air stream into the primary flowpath. The
guide vanes may be configured to guide the second air
stream into the secondary flowpath.
[0023] A first of the guide vanes may be a first variable
vane. Movement of the first variable vane may change a
ratio between the first pressure and the second pressure.
[0024] The turbine engine may also include a plurality
of guide vanes arranged circumferentially about the axis
in an array. The guide vanes may be disposed within the
secondary flowpath upstream of the heat exchanger.
[0025] The present invention may include any one or
more of the individual features disclosed above and/or
below alone or in any combination thereof.
[0026] The foregoing features and the operation of the
invention will become more apparent in light of the fol-
lowing description and the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027]

FIG. 1 is a partial schematic illustration of a propul-
sion system for an aircraft.
FIG. 2 is a schematic illustration of a portion of the
propulsion system with a primary flowpath and a sec-
ondary flowpath.
FIGS. 3A and 3B are schematic illustrations of a por-
tion of the propulsion system with various flow ve-
locity profiles.
FIGS. 4A and 4B are schematic illustrations of a por-
tion of the propulsion system with a variable area
nozzle in various positions.
FIGS. 5A and 5B are schematic illustrations of a por-
tion of the propulsion system with a variable vane
arrangement in various positions.
FIGS. 6A and 6B are schematic illustrations of a por-
tion of the variable vane arrangement with its vanes
in various positions.

FIGS. 7A and 7B are schematic illustrations of a por-
tion of the propulsion system with another variable
vane arrangement in various positions.
FIGS. 8-10 are schematic illustrations of a portion of
the propulsion system with other variable vane ar-
rangements.
FIG. 11 is a schematic illustration of an actuatable
apparatus of the propulsion system arranged with
an actuation system and a controller.
FIGS. 12 and 13 are partial schematic illustrations
of the propulsion system with various alternative pri-
mary and secondary flowpath arrangements.

DETAILED DESCRIPTION

[0028] FIG. 1 illustrates a propulsion system 20 for an
aircraft. The aircraft may be an airplane, a drone (e.g.,
an unmanned aerial vehicle (UAV)) or any other manned
or unmanned aerial vehicle. The aircraft propulsion sys-
tem 20 of FIG. 1 includes a gas turbine engine 22 such
as, but not limited to, a turbofan engine.
[0029] The turbine engine 22 extends axially along a
centerline axis 24 between a forward, upstream end 26
of the turbine engine 22 and an aft, downstream end 28
of the turbine engine 22. The turbine engine 22 includes
a fan section 30, a compressor section 31, a combustor
section 32 and a turbine section 33. The compressor sec-
tion 31 of FIG. 1 includes a low pressure compressor
(LPC) section 31A and a high pressure compressor
(HPC) section 31B. The turbine section 33 of FIG. 1 in-
cludes a high pressure turbine (HPT) section 33A and a
low pressure turbine (LPT) section 33B.
[0030] The engine sections 30-33B of FIG. 1 are ar-
ranged sequentially along the centerline axis 24 within
an engine housing 36. This engine housing 36 includes
an inner housing structure 38 ("inner structure") and an
outer housing structure 40 ("outer structure"). The inner
structure 38 and/or the outer structure 40 may each in-
clude one or more engine cases and/or a nacelle struc-
ture, which nacelle structure may provide an aerodynam-
ic covering for / over the respective engine case(s). Brief-
ly, the inner structure 38 of FIG. 1 houses one or more
of the engine sections 31A-33B, which engine sections
31A-33B may form / are included in a core 42 of the tur-
bine engine 22. The outer structure 40 of FIG. 1 houses
at least the fan section 30. This outer structure 40 is also
disposed radially outboard of, extends circumferentially
about (e.g., circumscribes) and extends axially along
(e.g., overlaps) at least a forward portion of the inner
structure 38.
[0031] The engine housing 36 may provide the aircraft
propulsion system 20 with a bifurcated (e.g., bypass)
flow. The engine housing 36 of FIG. 1, for example, at
least partially or completely forms a primary flowpath 44
and a secondary flowpath 46 of the aircraft propulsion
system 20 and its turbine engine 22. The primary flowpath
44 may be configured as an inner bypass flowpath. The
secondary flowpath 46 may be configured as an outer
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bypass flowpath disposed radially outboard of the prima-
ry flowpath 44. The present invention, however, is not
limited to such an exemplary primary and secondary flow-
path arrangement as described below in further detail.
[0032] The primary flowpath 44 of FIG. 1 is disposed
radially outboard of and is configured to bypass the (e.g.,
entire) engine core 42. This primary flowpath 44, for ex-
ample, extends axially along the centerline axis 24 within
the engine housing 36 from a forward, upstream inlet 48
(e.g., an entrance) into the primary flowpath 44 to an aft,
downstream exhaust 50 from the primary flowpath 44.
The primary flowpath 44 extends radially within the en-
gine housing 36 from the inner structure 38 to the outer
structure 40. The primary flowpath 44 may thereby be
formed by and radially between the inner structure 38
and the outer structure 40. The primary flowpath 44 ex-
tends circumferentially within the engine housing 36
about (e.g., completely around) the centerline axis 24.
With such an arrangement, the primary flowpath 44 may
have a full-hoop (e.g., annular) geometry. The primary
flowpath 44, of course, may (or may not) be circumfer-
entially interrupted by one or more vanes, one or more
struts, one or more bifurcations and/or one or more other
such structures extending between the inner structure
38 and the outer structure 40.
[0033] The secondary flowpath 46 of FIG. 1 is disposed
radially outboard of and is configured to bypass the (e.g.,
entire) engine core 42. The secondary flowpath 46 of
FIG. 1 is also configured to bypass at least a portion or
an entirety of the primary flowpath 44. This secondary
flowpath 46, for example, extends axially along the cen-
terline axis 24 within the engine housing 36 from a for-
ward, upstream inlet 52 (e.g., an entrance) into the sec-
ondary flowpath 46 to an aft, downstream exhaust 54
from the secondary flowpath 46. The secondary flowpath
inlet 52 may be axially aligned with the primary flowpath
inlet 48 along the centerline axis 24. The secondary flow-
path exhaust 54 may be axially aligned with (or alterna-
tively forward or aft of) the primary flowpath exhaust 50
along the centerline axis 24. The secondary flowpath 46
extends radially within the outer structure 40. The sec-
ondary flowpath 46 of FIG. 1, for example, extends radi-
ally from a duct inner wall 56 of the outer structure 40 to
a duct outer wall 58 of the outer structure 40. The sec-
ondary flowpath 46 extends circumferentially within the
outer structure 40 about (e.g., completely around) the
centerline axis 24. With such an arrangement, the sec-
ondary flowpath 46 may have a full-hoop (e.g., annular)
geometry. The secondary flowpath 46, of course, may
(or may not) be circumferentially interrupted by one or
more vanes, one or more struts, one or more bifurcations
and/or one or more other such structures extending be-
tween the inner wall 56 and the outer wall 58. Alterna-
tively, the secondary flowpath 46 may extend circumfer-
entially within the outer structure 40 partially about the
centerline axis 24, for example at least eighty degrees
(80°). For example, the secondary flowpath 46 may ex-
tend between one-hundred degrees (100°) and one-hun-

dred and twenty degrees (120°), or between one-hun-
dred degrees and twenty (120°) and one-hundred and
seventy degrees (170°). With such an arrangement, the
outer structure 40 may include multiple of the secondary
flowpaths 46 arranged about the centerline axis 24.
[0034] Each of the engine sections 30, 31A, 31B, 33A
and 33B includes a respective bladed rotor 60-64. Each
of these bladed rotors 60-64 includes a plurality of rotor
blades arranged circumferentially around and connected
to one or more respective rotor disks and/or hubs. The
rotor blades, for example, may be formed integral with
or mechanically fastened, welded, brazed, adhered
and/or otherwise attached to the respective rotor disk(s)
and/or the respective hub(s).
[0035] The fan rotor 60 is connected to a geartrain 66,
for example, through a fan shaft 68. The geartrain 66 and
the LPC rotor 61 are connected to and driven by the LPT
rotor 64 through a low speed shaft 69. The HPC rotor 62
is connected to and driven by the HPT rotor 63 through
a high speed shaft 70. The engine shafts 68-70 are ro-
tatably supported by a plurality of bearings; e.g., rolling
element and/or thrust bearings. Each of these bearings
is connected to the engine housing 36 by at least one
stationary structure such as, for example, an annular sup-
port strut.
[0036] During operation, air enters the aircraft propul-
sion system 20 and its turbine engine 22 through an air-
flow inlet 72 into the turbine engine 22. This air is directed
through the fan section 30 and into a core flowpath 74,
the primary flowpath 44 and the secondary flowpath 46.
The core flowpath 74 of FIG. 1 extends through the en-
gine core 42 and sequentially through its engine sections
31A-33B from a forward, upstream inlet 76 into the core
flowpath 74 to an aft, downstream exhaust 78 from the
core flowpath 74. Briefly, the core flowpath inlet 76 may
be axially aligned with the primary flowpath inlet 48 and/or
the secondary flowpath inlet 52 along the centerline axis
24. The core flowpath exhaust 78 may be axially aft of
the primary flowpath inlet 48 and/or the secondary flow-
path inlet 52 along the centerline axis 24; however, the
present invention is not limited to such an exemplary ar-
rangement. The air entering the core flowpath 74 may
be referred to as "core air". The air entering the primary
flowpath 44 may be referred to as "primary flowpath air",
or "primary bypass air". The air entering the secondary
flowpath 46 may be referred to as "secondary flowpath
air", or "secondary bypass air".
[0037] The core air is compressed by the LPC rotor 61
and the HPC rotor 62 and directed into a (e.g., annular)
combustion chamber 80 of a (e.g., annular) combustor
82 in the combustor section 32. Fuel is injected by one
or more fuel injectors 84 into the combustion chamber
80 and mixed with the compressed core air to provide a
fuel-air mixture. This fuel-air mixture is ignited and com-
bustion products thereof flow through and sequentially
cause the HPT rotor 63 and the LPT rotor 64 to rotate
before being directed out of the aircraft propulsion system
20 and its turbine engine 22 through the core flowpath
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exhaust 78. The rotation of the HPT rotor 63 and the LPT
rotor 64 respectively drive rotation of the HPC rotor 62
and the LPC rotor 61 and, thus, compression of the core
air received from the core flowpath inlet 76. The rotation
of the LPT rotor 64 also drives rotation of the fan rotor
60. The rotation of the fan rotor 60 propels a stream of
the primary flowpath air through the primary flowpath 44
and out of the aircraft propulsion system 20 and its turbine
engine 22 through the primary flowpath exhaust 50. The
propulsion of the primary flowpath air may account for a
majority of thrust generated by the aircraft propulsion sys-
tem 20 and its turbine engine 22. The rotation of the fan
rotor 60 also propels a stream of the secondary flowpath
air through the secondary flowpath 46 and out of the air-
craft propulsion system 20 and its turbine engine 22
through the secondary flowpath exhaust 54.
[0038] The turbine engine 22 of FIG. 1 also includes a
heat exchanger 86 for cooling a working fluid of the tur-
bine engine 22. Examples of the working fluid include,
but are not limited to, lubricant (e.g., engine oil), coolant,
another airflow or fuel. The heat exchanger 86 is ar-
ranged within the secondary flowpath 46. The heat ex-
changer 86 of FIG. 1, for example, is disposed at an in-
termediate location axially along the secondary flowpath
46 between the secondary flowpath inlet 52 and the sec-
ondary flowpath exhaust 54. This heat exchanger 86 ex-
tends radially across the secondary flowpath 46, for ex-
ample, radially between and to the inner wall 56 and the
outer wall 58. With this arrangement, at least some or all
of the stream of the secondary flowpath air flows through
the heat exchanger 86 as that air is directed from the
secondary flowpath inlet 52 to the secondary flowpath
exhaust 54. As the secondary flowpath air crosses the
heat exchanger 86, the heat exchanger 86 transfers heat
energy between the working fluid and the secondary flow-
path air. Thus, where the secondary flowpath air is cooler
than the working fluid, the heat exchanger 86 may cool
the working fluid.
[0039] The heat exchanger 86 may extend circumfer-
entially about the centerline axis 24 within the secondary
flowpath 46. The heat exchanger 86, for example, may
be configured with a full-hoop (e.g., annular) geometry
or alternatively an arcuate geometry. The heat exchanger
86 may be formed from a plurality of heat exchanger sec-
tions. These heat exchanger sections may be arranged
circumferentially end-to-end (or slightly spaced) within
the secondary flowpath 46. The present invention, how-
ever, is not limited to such an exemplary heat exchanger
arrangement.
[0040] A temperature differential between a tempera-
ture of the secondary flowpath air and a temperature of
the working fluid may change based on various param-
eters including, but not limited to, operating conditions
(e.g., aircraft altitude, ambient temperature, etc.) and/or
engine power setting. In some circumstances, this tem-
perature differential may be relatively small. During such
circumstances, there is a benefit to directing the stream
of the secondary flowpath air into the secondary flowpath

46 at a relatively high pressure and/or a relatively high
velocity. However, increasing a pressure and/or a veloc-
ity of the stream of the primary flowpath air may decrease
propulsion efficiency of the aircraft propulsion system 20
and its turbine engine 22. Therefore, referring to FIG. 2,
the turbine engine 22 of the present invention is config-
ured such that (A) the stream of the primary flowpath air
entering the primary flowpath 44 is at a primary flowpath
pressure and a (e.g., average) primary flowpath velocity
and (B) the stream of the secondary flowpath air entering
the secondary flowpath 46 is at a secondary flowpath
pressure and a (e.g., average) primary flowpath velocity,
where the primary flowpath pressure is different (e.g.,
less) than the secondary flowpath pressure and the pri-
mary flowpath velocity is different (e.g., less) than the
secondary flowpath velocity during at least one mode of
operation (or during all modes of operation).
[0041] To facilitate the pressure and/or velocity differ-
ential between the primary flowpath 44 and the second-
ary flowpath 46, the fan rotor 60 may be configured with
a variable fan pressure ratio. A primary (e.g., inner and/or
intermediate) portion 88 of the fan rotor 60 of FIG. 2, for
example, is configured to provide a first pressure ratio
across the fan rotor 60. This primary portion 88 of the fan
rotor 60 is configured to direct the stream of the primary
flowpath air into the primary flowpath 44 with a first ve-
locity profile. A secondary (e.g., outer) portion 90 of the
fan rotor 60 of FIG. 2, on the other hand, is configured
to provide a second pressure ratio across the fan rotor
60. This secondary portion 90 of the fan rotor 60 is con-
figured to direct the stream of the secondary flowpath air
into the secondary flowpath 46 with a second velocity
profile that is different (e.g., greater) than the first velocity
profile. The fan rotor 60 may thereby be tailored to direct
air into the secondary flowpath 46 at a different (e.g.,
higher) pressure and/or velocity than air directed into the
primary flowpath 44. Various blade parameters of the fan
rotor 60 may be tuned (e.g., varied) to provide the fan
rotor 60 with its multi-pressure ratio configuration. Exam-
ples of these blade parameters include, but are not limited
to, a blade exit metal angle (or a blade exit angle) of each
fan blade 92 and/or twist of each fan blade 92. For ex-
ample, the blade exit metal angle and/or the fan blade
twist may be varied (e.g., increased) at or near the sec-
ondary portion 90 of the fan rotor 60.
[0042] In some embodiments, referring to FIG. 3A, a
velocity profile of the air propelled by the fan rotor 60 to
the primary flowpath 44 and the secondary flowpath 46
may be tuned to provide a maximum velocity region 94
(or point) radially at a splitter 96 between the primary
flowpath inlet 48 and the secondary flowpath inlet 52. In
other embodiments, referring to FIG. 3B, the velocity pro-
file of the air propelled by the fan rotor 60 to the primary
flowpath 44 and the secondary flowpath 46 may be tuned
to provide the maximum velocity region 94 (or point) ra-
dially above the splitter 96; e.g., at or along the secondary
flowpath inlet 52. The velocity profile, however, is not
limited to such exemplary locations.

7 8 



EP 4 464 881 A1

6

5

10

15

20

25

30

35

40

45

50

55

[0043] In some embodiments, referring to FIG. 4A and
4B, the turbine engine 22 may include a variable area
nozzle 98 to further or alternatively adjust a pressure ratio
and/or a velocity ratio between the primary flowpath air
stream and the secondary flowpath air stream. The var-
iable area nozzle 98 of FIGS. 4A and 4B, for example,
is configured to form the secondary flowpath exhaust 54.
The secondary flowpath 46, in particular, extends (e.g.,
axially) in the engine housing 36 / the turbine engine 22
to the variable area nozzle 98. The variable area nozzle
98 is configured to move between a restricted arrange-
ment (e.g., see FIG. 4A) and an unrestricted arrangement
(e.g., see FIG. 4B). In the restricted arrangement of FIG.
4A, a flow area through the variable area nozzle 98 / the
secondary flowpath exhaust 54 has a restricted value. In
the unrestricted arrangement of FIG. 4B, the flow area
through the variable area nozzle 98 / the secondary flow-
path exhaust 54 has an unrestricted value that is greater
than the restricted value. By restricting the flow area (see
FIG. 4A), the variable area nozzle 98 increases flow re-
sistance through the secondary flowpath 46 and thereby
effectively directs additional air propelled by the fan rotor
60 radially downward into the primary flowpath 44. How-
ever, by unrestricting the flow area (see FIG. 4B), the
variable area nozzle 98 decreases flow resistance
through the secondary flowpath 46 and thereby effec-
tively directs additional air propelled by the fan rotor 60
radially upward into the secondary flowpath 46. The var-
iable area nozzle 98 therefore may be used to tune (e.g.,
increase or decrease) the pressure ratio and/or the ve-
locity ratio between the primary flowpath air stream and
the secondary flowpath air stream.
[0044] In some embodiments, referring to FIGS. 5A
and 5B, the turbine engine 22 may include a variable
vane arrangement 100 to further or alternatively adjust
the pressure ratio and/or the velocity ratio between the
primary flowpath air stream and the secondary flowpath
air stream. The variable vane arrangement 100 of FIGS.
5A and 5B, for example, includes a plurality of inlet guide
vanes 102 arranged circumferentially about the center-
line axis 24 in an array. This array of the inlet guide vanes
102 is disposed within an inlet duct 104 of the turbine
engine 22 upstream of the fan rotor 60. Each of the inlet
guide vanes 102 projects radially inward (in a direction
towards the centerline axis 24) to a respective distal end
106, where the distal end 106 may be radially aligned
with or inward of the splitter 96. Each inlet guide vane
102 of FIGS. 5A and 5B may thereby radially overlap at
least a portion of or an entirety of the secondary flowpath
inlet 52. Each inlet guide vane 102 may also partially
radially overlap a radial outer portion of the primary flow-
path inlet 48. Each inlet guide vane 102 of FIG. 5A has
a radially extending span 108. Each fan blade 92 has a
radially extending span 110, where the blade span 110
is greater than the vane span 108. The blade span 110,
for example, may be at least two times (2x), three times
(3x) or four times (4x) the vane span 108.
[0045] Referring to FIGS. 6A and 6B, each inlet guide

vane 102 may be configured to move (e.g., pivot) about
an axis between a first (e.g., open, unrestricted) position
and a second (e.g., closed, restricted) position. In the
restricted position of FIGS. 5A and 6A, a flow area
through the variable vane arrangement 100 has a re-
stricted value. In the unrestricted arrangement of FIGS.
5B and 6B, the flow area through the variable vane ar-
rangement 100 has an unrestricted value that is greater
than the restricted value. By restricting the flow area (see
FIGS. 5A and 6A), the variable vane arrangement 100
increases flow resistance upstream of and along the sec-
ondary portion 90 of the fan rotor 60 thereby effectively
directing additional air towards the primary portion 88 of
the fan rotor 60 and, thus, the primary flowpath 44. How-
ever, by unrestricting the flow area (see FIGS. 5B and
6B), the variable vane arrangement 100 decreases flow
resistance upstream of and along the secondary portion
90 of the fan rotor 60 thereby effectively directing addi-
tional air towards the secondary portion 90 of the fan
rotor 60 and, thus, the secondary flowpath 46. The var-
iable vane arrangement 100 therefore may be used to
tune (e.g., increase or decrease) the pressure ratio
and/or the velocity ratio between the primary flowpath air
stream and the secondary flowpath air stream. Of course,
it is contemplated each inlet guide vane 102 may also
move to one or more intermediate positions (e.g., partially
open / closed positions) between the first position and
the second position.
[0046] In the embodiment of FIGS. 5A and 5B, the var-
iable vane arrangement 100 is configured to guide flow
into the secondary portion 90 of the fan rotor 60 and,
thus, the secondary flowpath 46. In other embodiments
however, referring to FIGS. 7A and 7B, the variable vane
arrangement 100 may be configured to guide flow into
the primary portion 88 and the secondary portion 90 of
the fan rotor 60 and, thus, the primary flowpath 44 and
the secondary flowpath 46. The blade span 110 of FIG.
7A, for example, may be equal to or within five or ten
percent (5-10%) of the vane span 108. Moreover, while
the variable vane arrangement 100 of FIGS. 5A and 5B,
7A and 7B are positioned upstream of the fan rotor 60,
a similar arrangement may be provided downstream of
the fan rotor 60 and upstream of the secondary flowpath
inlet 52. For example, referring to FIGS. 8 and 9, the
variable vane arrangement 100 may alternatively be con-
figured to condition the air propelled by the fan rotor 60
towards the respective flowpath 44, 46. Here too, the
vanes 102 (e.g., exit guide vanes) may be moved (e.g.,
see FIGS. 6A and 6B) to tune (e.g., increase or decrease)
the pressure ratio and/or the velocity ratio between the
primary flowpath air stream and the secondary flowpath
air stream.
[0047] In some embodiments, referring to FIG. 10, the
secondary flowpath 46 may also or alternatively be pro-
vided with a variable vane arrangement 112. This varia-
ble vane arrangement 112 may operate similar to the
above variable vane arrangements 100 to tune (e.g., in-
crease or decrease) the pressure ratio and/or the velocity
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ratio between the primary flowpath air stream and the
secondary flowpath air stream. However, rather than be-
ing arranged in the inlet duct 104 or a fan duct 113, the
variable vane arrangement of FIG. 10 is arranged within
the secondary flowpath 46 upstream of the heat exchang-
er 86. The variable vane arrangement 112 of FIG. 10, for
example, is disposed at (e.g., on, adjacent or proximate)
the secondary flowpath inlet 52.
[0048] Referring to FIG. 11, each actuatable apparatus
(e.g., 98, 100, 112) and/or one or more of its elements
may be respectively actuated by an actuation system 116
controlled by an electronic controller 118. This controller
118 is configured to provide a control signal to the actu-
ation system 116 to move the actuatable apparatus be-
tween various arrangements (e.g., the restricted and un-
restricted arrangement) to tune the pressure ratio and/or
the velocity ratio between the primary flowpath air stream
and the secondary flowpath air stream as described
above. The controller 118 may provide this control signal
based on one or more operational parameters. Examples
of these operational parameters include, but are not lim-
ited to, a heat load to be rejected by the heat exchanger
86, an engine power setting, ambient conditions, etc. For
example, the controller 118 may estimate a heat transfer
parameter, and signal the actuation system 116 to adjust
the actuatable apparatus to affect boundary conditions
of the heat exchanger 86 to achieve the heat transfer
parameter.
[0049] In some embodiments, referring to FIG. 1, the
secondary flowpath 46 may be located radially outboard
of, extend axially along (e.g., axially overlap) and/or ex-
tend circumferentially about (e.g., circumscribe) the pri-
mary flowpath 44. In other embodiments, referring to
FIGS. 12 and 13, the primary flowpath 44 may alterna-
tively be located radially outboard of, extend axially along
(e.g., axially overlap) and/or extend circumferentially
about (e.g., circumscribe) the secondary flowpath 46.
[0050] In some embodiments, referring to FIGS. 1 and
12, the primary flowpath 44 and the secondary flowpath
46 may each be disposed in / extend in the aircraft pro-
pulsion system 20 and its turbine engine 22 / its engine
housing 36. In other embodiments, referring to FIG. 13,
the primary flowpath 44 may alternatively be disposed
(e.g., radially) outside of the aircraft propulsion system
20 and its turbine engine 22 / its engine housing 36. The
turbine engine 22, for example, may alternatively be con-
figured as an open rotor engine. Here, the rotor 60 is
configured as an open (e.g., un-ducted) propulsor rotor
and the blades 92 are configured as open (e.g., un-duct-
ed) blades.
[0051] In some embodiments, the fan rotor 60 may be
configured with a variable fan pressure ratio as described
above. This may be provided in addition to the various
other techniques for tuning the pressure ratio and/or the
velocity ratio between the primary flowpath air stream
and the secondary flowpath air stream; e.g., see FIGS.
4A, 4B, 5A, 5B, 7A, 7B and 8-10. In other embodiments,
the fan rotor 60 (or open rotor) may be configured with a

(e.g., substantially) uniform fan pressure ratio. In such
embodiments, the various other techniques may be (e.g.,
solely) used for tuning the pressure ratio and/or the ve-
locity ratio between the primary flowpath air stream and
the secondary flowpath air stream; e.g., see FIGS. 4A,
4B, 5A, 5B, 7A, 7B and 8-10.
[0052] While the vanes (e.g., 102) in the variable vane
arrangements (e.g., 100, 112) described above are var-
iable vanes, the present invention is not limited to such
an exemplary arrangement. One or more of the vanes,
for example, may alternatively be configured as a fixed
vane. With such an arrangement, a pressure ratio across
the vane arrangement may be tuned similar to the vari-
able fan pressure ratio described above.
[0053] The aircraft propulsion system 20 may include
various turbine engines other than the one described
above. The aircraft propulsion system 20, for example,
may include a geared turbine engine where a geartrain
connects one or more shafts to one or more rotors in a
fan section, a compressor section and/or any other en-
gine section. Alternatively, the aircraft propulsion system
20 may include a turbine engine configured without a
geartrain; e.g., a direct drive turbine engine. The turbine
engine may be configured with a single spool, with two
spools (e.g., see FIG. 1), or with more than two spools.
The turbine engine may be configured as a turbofan en-
gine, a turbojet engine, a turboprop engine, a turboshaft
engine, a propfan engine, a pusher fan engine or any
other type of turbine engine. The present invention there-
fore is not limited to any particular types or configurations
of turbine engines.
[0054] While various embodiments of the present in-
vention have been described, it will be apparent to those
of ordinary skill in the art that many more embodiments
and implementations are possible within the scope of the
invention. For example, the present invention as de-
scribed herein includes several aspects and embodi-
ments that include particular features. Although these
features may be described individually, it is within the
scope of the present invention that some or all of these
features may be combined with any one of the aspects
and remain within the scope of the invention. Accordingly,
the present invention is not to be restricted except in light
of the attached claims and their equivalents.

Claims

1. A propulsion system (20) for an aircraft, the propul-
sion system comprising a turbine engine (22) includ-
ing a propulsor rotor (60), an engine core (42) and
a heat exchanger (86),

wherein the propulsor rotor (60) is configured to
rotate about an axis (24) and direct a first air
stream along a primary flowpath (44) that by-
passes the engine core (42), and the propulsor
rotor (60) is configured to direct a second air
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stream along a secondary flowpath (46) with a
geometry extending at least eighty degrees
about the axis, wherein the turbine engine (22)
is configured such that the first air stream enters
the primary flowpath (44) at a first pressure and
the second air stream enters the secondary flow-
path (46) at a second pressure that is different
than the first pressure;
wherein the engine core (42) is configured to
drive rotation of the propulsor rotor (60); and
wherein the heat exchanger (86) is disposed
within the secondary flowpath (46).

2. The propulsion system (20) of claim 1, wherein the
secondary flowpath (46) bypasses the engine core
(42).

3. The propulsion system (20) of claim 1 or 2, wherein
an entrance (48) to the primary flowpath (44) and an
entrance (52) to the secondary flowpath (46) are ax-
ially aligned along the axis (24).

4. The propulsion system (20) of any preceding claim,
wherein the primary flowpath (44) and the secondary
flowpath (46) each extend in the turbine engine (22).

5. The propulsion system (20) of any of claims 1 to 3,
wherein:

the primary flowpath (44) extends outside of the
turbine engine (22); and
the secondary flowpath (46) extends in the tur-
bine engine (22).

6. The propulsion system (20) of any preceding claim,
wherein the primary flowpath (44) is radially outboard
of and extends circumferentially about the second-
ary flowpath (46).

7. The propulsion system (20) of any of claims 1 to 4,
wherein the secondary flowpath (46) is radially out-
board of and extends circumferentially about the pri-
mary flowpath (44).

8. The propulsion system (20) of any preceding claim,
wherein:

the second pressure is greater than the first
pressure; and/or
the turbine engine (22) is configured such that
the first air stream enters the primary flowpath
(44) at a first velocity and the second air stream
enters the secondary flowpath (46) at a second
velocity that is greater than the first velocity.

9. The propulsion system (20) of any preceding claim,
wherein:

a first radial portion (88) of the propulsor rotor
(60) is configured to provide a first pressure ratio
across the propulsor rotor (60), and the first ra-
dial portion (88; 90) of the propulsor rotor (60)
is configured to direct the first air stream into the
primary flowpath (44); and
a second radial portion (90) of the propulsor rotor
(60) is configured to provide a second pressure
ratio across the propulsor rotor (60) that is dif-
ferent than the first pressure ratio, and the sec-
ond radial portion (90) of the propulsor rotor (60)
is configured to direct the second air stream into
the secondary flowpath (46).

10. The propulsion system (20) of any preceding claim,
wherein:

the turbine engine (22) further includes a varia-
ble area nozzle (98);
the secondary flowpath (46) extends in the tur-
bine engine (22) to the variable area nozzle (98);
and
movement of the variable area nozzle (98)
changes a ratio between the first pressure and
the second pressure.

11. The propulsion system (20) of any preceding claim,
wherein:

the turbine engine (22) further includes a plural-
ity of first guide vanes (102) arranged circum-
ferentially about the axis (24) in an array;
the plurality of first guide vanes (102) are up-
stream of the propulsor rotor (60); and
the plurality of first guide vanes (102) are con-
figured to guide air to at least a or the second
radial portion (90) of the propulsor rotor (60) that
directs the second air stream into the secondary
flowpath (46).

12. The propulsion system (20) of claim 11, wherein:

one of the plurality of first guide vanes (102) has
a vane span (108) and the propulsor rotor (60)
comprises a propulsor blade (92) with a blade
span (110) that is at least twice as large as the
vane span (108); and/or
the plurality of first guide vanes (102) are further
configured to guide the air to a or the first radial
portion (88) of the propulsor rotor (60) that di-
rects the first air stream into the primary flowpath
(44).

13. The propulsion system (20) of any of claims 1 to 10,
wherein:

the turbine engine (22) further includes a plural-
ity of first guide vanes (102) arranged circum-
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ferentially about the axis (24) in an array;
the plurality of first guide vanes (102) are down-
stream of the propulsor rotor (60);
the plurality of first guide vanes (102) are con-
figured to guide the first air stream into the pri-
mary flowpath (44); and
the plurality of first guide vanes (102) are con-
figured to guide the second air stream into the
secondary flowpath (46).

14. The propulsion system (20) of any of claims 11 to
13, wherein:

one of the plurality of first guide vanes (102)
comprises a first variable vane; and
movement of the first variable vane changes a
ratio between the first pressure and the second
pressure.

15. The propulsion system (20) of any preceding claim,
wherein:

the turbine engine (22) further includes a plural-
ity of second guide vanes (112) arranged cir-
cumferentially about the axis (24) in an array;
and
the plurality of second guide vanes (112) are
disposed within the secondary flowpath (46) up-
stream of the heat exchanger (86).
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